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© Cable crosstalk measurement system. 



© A cable crosstalk measurement system provides 
fault diagnostic information to locates faults in addi- 
tion to providing a crosstalk versus frequency func- 
tion to test and troubleshoot LAN cables. In a pre- 
ferred embodiment, a narrow pulse is introduced into 
one twisted pair of a standard LAN cable,, and an- 
other twisted pair in the same cable is monitored for 
crosstalk signal coupling. A measurement system 
digitizes crosstalk signals using sequential sampling 



of repetitive signals to provide a waveform record 
that is a reconstructed equivalent time representation 
of a real-time crosstalk signal. A microprocessor 
performs a fast Fourier transform of the waveform 
record to provide crosstalk versus frequency infor- 
mation, while the waveform record is also examined 
for higher-than-acceptable amplitude levels to locate 
poor quality or faulty connectors and cables. 
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Background of the Invention 

This invention relates generally to cable testing 
and troubleshooting, and in particular to measuring 
the crosstalk characteristics between adjacent pairs 
of cables and extracting diagnostic information to 
locate faults in cables. 

Local Area Networks (LANs) formed by a large 
number of interconnected computers, work sta- 
tions, printers, and file servers are becoming in- 
creasingly common in the modern office. In a typi- 
cal installation, LAN cables may be routed through 
walls, floors, and ceilings of a building. LAN cable 
systems not only need to be checked out upon 
installation, but they require constant maintenance, 
upgrades, and troubleshooting because LAN cables 
and connectors are subject to breakage, offices 
and equipment must be moved, and new equip- 
ment are added. A LAN system is most commonly 
implemented by physically connecting all of these 
devices with copper-conductor, twisted-pair LAN 
cables, the most common being an eight-wire ca- 
ble which is configured in four twisted-wire pairs 
(commonly referred to simply as "twisted pairs") 
within a flexible wrapper that may include an elec- 
trostatic shield, with each end of the cable termi- 
nated in an industry-standard connector. 

Crosstalk level is a performance parameter in- 
dicating the level of signal coupling between sepa- 
rate but adjacent data transmission paths, and thus 
is of great importance for determining problems in 
twisted-pair cables in LAN systems. It is desirable 
that the level of isolation be high (and crosstalk 
level be low) to avoid interference between trans- 
mission paths. Accordingly, crosstalk measurement 
capability is highly desirable in any test tool to be 
used in LAN cable testing and troubleshooting. 

More sophisticated LAN cable test instruments 
are often equipped for evaluating crosstalk through 
standardized near-end crosstalk (commonly re- 
ferred to as "NEXT") measurements. A conven- 
tional method of measuring crosstalk, or NEXT, is 
to apply a high-frequency sine wave signal to one 
twisted pair of wires in the cable and measuring 
the crosstalk signal level in another of the twisted 
pairs of wires. The sine wave source is incre- 
mented in discrete steps across a range of fre- 
quencies, while making measurements, and a list 
of crosstalk versus frequency is generated. This list 
is compared with a worst-case crosstalk versus 
frequency function specified for the cable installa- 
tion under test to determine compliance—that is, 
whether or not crosstalk levels are acceptable or 
not. However, this conventional method does not 
yield any useful diagnostic information to inform 
the user just exactly what the problem is nor how 
to fix it. For example, unacceptable crosstalk may 
be a result of a fault in the cable, such as the cable 



being physically crushed at some point, or simply 
a poor quality patch cord somewhere in a LAN run. 

Conventional time domain reflectometers 
(TDRs) locate faults caused by substantial changes 

5 in impedance in a cable, such as opens and shorts, 
by measuring the elapsed time between a stimulus 
pulse and a reflected pulse on the same cable; 
however, such conventional TDRs cannot provide a 
crosstalk versus frequency function, nor locate a 

/o problem such as a faulty or poor quality patch cord 
that has a perfectly good impedance match to the 
twisted-pair LAN cable. 

Summary of the Invention 

75 

In accordance with the present invention, a 
cable crosstalk measurement system provides fault 
diagnostic information to locate the cause of poor 
crosstalk performance in addition to providing a 
20 crosstalk versus frequency function in order to test 
and troubleshoot twisted-pair LAN cables. 

A cable test instrument applies stimulus signals 
to a selected one twisted pair in a LAN cable while 
monitoring crosstalk signal coupling on a separate 
25 but adjacent twisted pair within the same bundle or 
cable. A measurement system analyzes any cros- 
stalk signals and provides diagnostic information 
for locating faults in the cable as well as providing 
crosstalk versus frequency information to deter- 
so mine whether acceptable or not. 

A preferred embodiment of the present inven- 
tion takes advantage of the well-known fact that the 
frequency spectrum of a pulse may be determined 
primarily by the width and amplitude of the pulse. 
35 A pulse generator repetitively applies a relatively 
narrow stimulus pulse (e.g., on the order of four or 
five nanoseconds) to a switch matrix that directs 
the stimulus pulse to a selected one of a plurality 
of twisted pairs while connecting one of the other 
4o twisted pairs to a waveform digitizer. The waveform 
digitizer records the received crosstalk waveform 
by means of sequential sampling to provide a 
reconstructed equivalent-time waveform of the 
crosstalk signal. A fast Fourier transform (FFT) is 
45 performed on the digitized crosstalk waveform 
record to provide, when normalized and scaled, a 
table of crosstalk versus frequency information. 
This information may then be used to check 
against the specified worst-case crosstalk require- 
so ments for the particular LAN cable to determine 
compliance. 

In addition, the digitized crosstalk waveform 
record is examined for relatively large spikes pr 
peaks. The time of occurrence of a spike may be 
55 used to approximate with a fair degree of accuracy 
the physical location along the cable run of the 
event or situation causing the crosstalk spike. Tim- 
ing information is provided by recording the 
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elapsed time from the launch of a stimulus pulse to 
detection of the spike, and then distance to the 
fault may be calculated. 

In an alternative embodiment, a cable test ap- 
paratus discriminates the location of spikes ex- 
ceeding a predetermined threshold amplitude,- and 
presents only distance-related faults to the user. 

It is therefore one object of the present inven- 
tion to provide a crosstalk measurement system for 
determining the location of a crosstalk fault or poor 
crosstalk performance in a multiple-transmission- 
line cable. 

It is another object of the present invention to 
provide a crosstalk measurement system capable 
of measuring amplitude versus frequency charac- 
teristics of crosstalk between separate but adjacent 
transmission lines. 

It is a further object of the present invention to 
provide both fault diagnostic information and cros- 
stalk versus frequency information to test and 
troubleshoot LAN cables. 

It is an additional object of the present inven- 
tion to provide a cable testing and troubleshooting 
instrument capable of quickly and easily measuring 
and characterizing crosstalk in cables. 

Other objects, features, and advantages of the 
present invention will become obvious to those 
having ordinary skill in the art upon a reading of 
the following description when taken in conjunction 
with the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a generalized block diagram of a cable 
testing and troubleshooting apparatus in accor- 
dance with the present invention; 
Figs. 2A and 2B is near-end crosstalk (NEXT) 
model showing respectively a measurement 
structure and a waveform diagram; 
Fig. 3 is a preferred embodiment of the present 
invention in detailed block diagram form; and 
Fig. 4 is a block diagram of an alternative em- 
bodiment of the present invention. 

Detailed Description of the Invention 

Referring to Fig. 1 of the drawings, there is 
shown a generalized block diagram of a cable 
testing and troubleshooting apparatus 10 coupled 
via an industry-standard connector 14 to one end 
of an exemplary LAN cable 12 which is configured 
in four twisted-wire pairs (or simply twisted pairs, 
as they are known in the relevant industry) 12-1, 
12-2, 12-3, and 12-4 within a flexible sheath 16 that 
may function as an electrostatic shield. It should be 
pointed out that LAN cables typically are unshiel- 
ded. A signal generator 20 within apparatus 10 
generates stimulus signals to test the LAN cable 



12, and such stimulus signals are applied via a 
switch matrix 22 to a selected one of the twisted- 
wire pairs. A measurement circuit 24 is coupled to 
a second one of the twisted-wire pairs via switch 
s matrix 22 to receive any crosstalk signals, that is, 
signals that result in a coupling of the stimulus 
signal from the selected twisted-wire pair to the 
second one. Measurement circuit 24 analyzes the 
crosstalk signals and provides on a display device 
w 26 crosstalk versus frequency information as well 
as diagnostic information for locating faults in the 
LAN cable. In the example shown, the output of 
signal generator 20 is connected to twisted pair 1 2- 
1 through the closed contacts 22-1 a of switch ma- 

75 trix 22, and measurement circuit 24 is connected to 
twisted pair 12-2 through the closed contacts 22-2b 
of switch matrix 22. A microprocessor 28 provides 
overall control of the apparatus 10, including estab- 
lishing signal routing and operation of switch matrix 

20 22, and controlling measurement circuit 24 analyze 
crosstalk signals. Measurement circuit 24 also is- 
sues command signals to signal generator 20 to 
generate stimulus signals. 

In order to provide diagnostic information to 

25 locate faults in the LAN cable, a timing relationship 
must exist between stimulus signals generated by 
the signal generator 20 and crosstalk signals ana- 
lyzed by the measurement circuit 24. To gain an 
appreciation of this timing, refer to the near-end 

30 crosstalk, or NEXT, measurement model of Figs. 
2A and 2B, which show respectively a model of the 
measurement structure and a waveform diagram. 

In Fig. 2A, cable test instrument 10 is coupled 
to a near end of a cable including twisted pairs 12- 

35 1 and 12-2 in the manner described in connection 
with Fig. 1 . The far end of each twisted pair in the 
model is terminated with termination resistors 30 
and 32, which match the characteristic impedance 
of the cable. Termination resistors 30 and 32 may 

40 suitably be part of a remote unit 34 supplied with 
cable test instrument 10 connected to the far end 
of the cable. The near ends of twisted pairs 12-1 
and 12-2 are likewise terminated with termination 
resistors 36 and 38, each of which are equal to 

45 one-half the characteristic impedance of the cable, 
and resistor 40. In a proposed commercial embodi- 
ment of the present invention, both the near and far 
ends of the cable are coupled to balanced-to-un- 
balanced transformers in order to achieve balanced 

so cable drive and to facilitate functions other than the 
measurement system described herein; however, 
the equivalent circuit over the measurement fre- 
quency band is as shown in Fig. 2A. Signal gener- 
ator 20, which suitably may be a pulse generator, 

55 generates a stimulus pulse which is launched down 
the transmission path of twisted pair 12-1. Any 
crosstalk coupled across to separate but adjacent 
twisted pair 12-2 propagates back to the measure- 
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ment system and is developed as a received signal 
across resistor 40. Let us suppose that a fault, such 
as a bad connector, exists at some distance L F 
from the near end of cable 12. This fault is mod- 
eled by capacitors 44 and 46. It should be noted 
that the impedance represented by this type of 
fault is typically large relative to the characteristic 
impedance of the cable, and therefore would not 
be located by any test instruments that look for 
impedance discontinuities, such as time domain 
reflectometers and the (ike. However, the imped- 
ance modeled by capacitors 44 and 46 causes 
sufficient coupling to result in NEXT failure. 

Referring now to Fig. 2B, a stimulus pulse 50 is 
generated by signal generator 20 and launched 
down the transmission path represented by twisted 
pair 12-1 at a time T 0 . Pulse 50 propagates at a 
velocity V, which is a percentage of the speed of 
light and is approximately equal to eight inches per 
nanosecond (or 20 centimeters per nanosecond) in 
an electrical cable, down twisted pair 12-1 to the 
fault represented by capacitors 44 and 46, where it 
is coupled across to twisted pair 12-2. The coupled 
crosstalk signal in turn propagates back to cable 
test instrument 10 via twisted pair 12-2 at a velocity 
V, and arrives at resistor 40 after an elapsed time 
T F = Ti - To = 2L F /V. Waveform 52 represents 
that part of the received signal that is due to 
equivalent coupling capacitors 44 and 46. Distance 
to the fault (length of cable from instrument 10 to 
the fault) may then be calculated as L F = i T F V. 

A cable testing and troubleshooting apparatus 
in accordance with a preferred embodiment takes 
advantage of the well-known fact that the frequency 
spectrum of a pulse may be determined primarily 
by the width and amplitude of a pulse such as 
pulse 50. A relatively narrower pulse 50, e.g., on 
the order of five nanoseconds, will produce a fre- 
quency spectrum that has a greater percentage of 
its power at higher frequencies, e.g., up to about 
100 megahertz, while a relatively wider pulse 50, 
e.g., on the order of 30 nanoseconds, will produce 
a frequency spectrum that has a greater percent- 
age of its power at lower frequencies, e.g., up to 
about 20 megahertz. 

A preferred embodiment of the present inven- 
tion is shown in Fig. 3. Cable test apparatus 10 
includes a connector 60 for connecting the cable 
test apparatus to a cable under test. The connector 
60 may be selected to accommodate any type of 
cable or any number of transmission lines. In the 
embodiment shown, connector 60 is an industry- 
standard RJ-45 connector adapted to mate with the 
connector of a conventional eight-wire LAN cable 
which is configured in four twisted-wire pairs. Sig- 
nal generator 20 is a . pulse generator which gen- 
erates a relatively narrow pulse, e.g., on the order 
of five nanoseconds as described above, upon 



initiation of a. pulse command signal from an ac- 
quisition timing controller 74 (to be discussed 
later), which in turn is controlled by microprocessor 
28. The pulses are repetitively produced about 

5 eight microseconds apart, which allows sufficient 
time to sample crosstalk signals from faults that are 
a substantial distance from the measurement sys- 
tem so that the measurement system can be used 
to detect crosstalk faults on virtually any local area 

io network. 

Microprocessor 28 is connected via a typical 
bus structure to a memory 62, which may include 
both random-access and read-only memories, a 
keypad 64 for entry of user-defined information, 

15 and a display device 66, which may be a flat-panel 
liquid-crystal display (LCD) device and its asso- 
ciated display circuitry. 

Microprocessor 28 also provides a control sig- 
nal to switch matrix 22, which may suitably consist 

20 of digitally-controlled relays of conventional design 
for routing a stimulus pulse from signals generator 
20 to a selected twisted pair, and crosstalk signals 
from another twisted pair to measurement circuit 
24. 

25 Measurement circuit 24 is a waveform digitizer 

similar to that used for digitizing waveforms of 
input signals in a conventional digital storage oscil- 
loscope, and therefore includes conventional and 
well known elements, and is operated in a conven- 

30 tional mode known in art as sequential sampling 
wherein samples acquired from a number of repet- 
itive ' signals are later reconstructed in an equiv- 
alent-time record representing one real-time signal. 
This permits sampling a higher effective rate than 

35 the available sampling clock rate, which is required 
to sample crosstalk signals which are artifacts of 
five-nanosecond duration stimulus pulses. 

Crosstalk signals received via switch matrix 22 
from the twisted pair being monitored are applied 

40 to a sample/hold amplifier 70 which freezes the 
amplitude of the crosstalk signal long enough to be 
converted to a digital representation by analog-to- 
digital converter (ADC) 72. If desired, suitable sig- 
nal conditioning circuits, such as amplifiers, at- 

45 tenuators, filters, etc., may be interposed in the 
signal path before digitizing in order to match sig- 
nal conditions with the capabilities of the waveform 
digitizer. 

Acquisition timing is provided by acquisition 
so timing controller 74, which may suitably be a digital 
signal processor (DSP) in combination with a prog- 
rammable logic device and a high-speed (about 60 
megahertz in this embodiment) clock oscillator to 
provide the desired timing and control. Acquisition 
55 time controller 74 initiates pulse command signals 
to signal generator 20, as discussed earlier, and 
also applies sample/hold signals to sample/hold 
amplifier 70 and conversion control signals to ADC 
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72 at a rate of about four megahertz. The sam- 
ple/hold and ADC control signals are generated in 
progressively increasing delay increments of two 
nanoseconds via an internal delay line following 
initiation of pulse command signals applied to sig- 5 
nal generator. 20. Thus, while the conversion rate of 
sample/hold amplifier 70 and ADC 72 in this em- 
bodiment is about four megahertz, the well-known 
sequential sampling technique permits an effective 
sampling rate of 500 megahertz. In accordance w 
with the well-known Nyquist sampling theorem, this 
permits sampling crosstalk signals in a frequency 
spectrum to 250 megahertz. 

The converted digitized samples, each repre- 
senting an instantaneous amplitude of the received rs 
crosstalk signal, are transported by the acquisition 
timing controller to a fast acquisition waveform 
memory 78. Although the samples are not obtained 
in chronological order, they are reordered into their 
proper time sequence when stored in memory 78, 20 
as is well known to those skilled in the art. There- 
after, the waveform record is retrieved by micropro- 
cessor 28 and moved to memory 62. Thus, the 
waveform digitizer records the received crosstalk 
waveform by means of sequential sampling to pro- 25 
vide a reconstructed equivalent-time waveform of 
the crosstalk signal. 

A fast Fourier transform (FFT) is performed by 
microprocessor 28 on the digitized crosstalk 
waveform record to provide, when normalized and 30 
scaled, a table of crosstalk versus frequency in- 
formation which may be viewed on display device 
66. This information may then be used to check 
against the specified worst-case crosstalk require- 
ments for the particular LAN cable installation to 35 
determine compliance. 

In addition, the digitized crosstalk waveform 
record is examined for relatively large spikes or 
peaks. The time of occurrence of a spike may be 
used to approximate with a fair degree of accuracy 40 
the physical location along the cable run of the 
event or situation causing the crosstalk spike. Tim- 
ing information is provided \ by : recording the 
elapsed time from the launch of a stimulus pulse to 
detection of the spike, and then distance to the 45 
fault may be calculated. 

In an alternative embodiment of measurement 
circuit 24 shown in Fig. 4, a cable test apparatus 
discriminates the location of spikes exceeding a 
predetermined threshold amplitude, and presents so 
only distance-related faults to the user. Crosstalk 
signals received via switch matrix 22 are coupled 
to a signal conditioning circuit 80, which adjusts the 
signals to a suitable level for comparison with a 
predetermined threshold level by comparator 82. 55 
That is, if a crosstalk spike or peak voltage ex- 
ceeds a predetermined level, the output of com- 
parator 82 changes states. A counter 84 is enabled 



by initiation of a stimulus pulse and counts high- 
speed clock signals from a clock 86 until count is 
stopped by the output of comparator 82. The 
elapsed time from counter 84 may be read out 
directly in terms of distance on display device 90. 

While we have shown and described the pre- 
ferred embodiment of our invention, it will be ap- 
parent to those skilled in the art that many changes 
and modifications may be made without departing 
from our invention in its broader aspects. For ex- 
ample, signal generator 20 generate gated-on 
short-duration bursts of high frequency sine wave 
signals to build a crosstalk versus frequency table 
similar to that produced by conventional cable test- 
ers, with the time information for diagnostic fault 
location being extracted from the gating com- 
mands. Also, with appropriate controls and addi- 
tional circuitry, measurement circuit 24 could be 
implemented by those skilled in the art as a con- 
ventional random-sampling waveform digitizer. Al- 
ternatively, single shot aquisition could be imple- 
mented with suitable high-speed waveform digitizer 
circuits and attendant increased cost. It is therefore 
contemplated that the appended claims will cover 
all such changes and modifications as fall within 
the true scope of the invention. 

Claims 

1. A cable testing apparatus, comprising: 

a signal generator for generating stimulus 
signals for a first transmission line in a cable 
under test; 

measurement means connected to a sec- 
ond transmission line in said cable under test 
for receiving crosstalk signals produced in re- 
sponse to said stimulus signals and analyzing 
said crosstalk signals to provide an indication 
of a location of crosstalk which exceeds a 
predetermined level. 

2. A cable test apparatus in accordance with 
claim 1 wherein said measurement means also 
provides an indication of crosstalk versus fre- 
quency. 

3. A cable test apparatus in accordance with 
claim t wherein said stimulus signals are rela- 
tively short-duration pulses. 

4. A cable test apparatus in accordance with 
claim 1 wherein said measurement means is a 
waveform digitizer which provides a digitized 
waveform record of said crosstalk signals. 

5. A cable test apparatus in accordance with 
claim 4 further including means for analyzing 
said digitized waveform record to provide cros- 



5 



9 EP 0 675 607 A2 10 

stalk versus frequency information. 

6. A cable test apparatus in accordance with 
claim 5 wherein said means for analyzing said 
digitized waveform record is a processor which 5 
performs a fast Fourier transform. 

7. A cable test apparatus in accordance with 
claim 1 wherein said measurement means 
comprises a means for detecting crosstalk sig- io 
nals which exceed a predetermined threshold, 
measuring the elapsed time between said 
stimulus signal and said detected crosstalk sig- 
nals, and calculating from said elapsed time a 
distance along said cable under test. rs 

8. A system for determining the location of a 
crosstalk fault in pair of transmission lines, 
comprising: 

a pulse generator coupled to one of said 20 
pair of transmission lines, said pulse generator 
generating and applying a pulse to said one of 
said pair of transmission lines responsive to a 
transmit initiate pulse applied to said pulse 
generator; 25 

a waveform digitizer coupled to another of 
said pair of transmission lines, said waveform 
digitizer periodically converting samples of a 
crosstalk signal on said another of said pair of 
transmission lines to digital representations; 30 
and 

processor means coupled to said 
waveform digitizer, to perform an. analysis on 
said digital representations to provide an in- 
dication of a location of crosstalk between said 35 
pair of transmission lines. 

9. A system in accordance with claim 8 wherein 
said processor means further provides an in- 
dication of a magnitude of said crosstalk at 40 
each of said crosstalk locations. 

10. A method of monitoring ercrstek comprising 
applying stimulus pulses to a first transmission 

line in a cable under test, monitoring signals 45 
produced in response to said pulses in a sec- 
ond transmission line in said cable, and apply- 
ing a fast Fourier transform to the monitored 
signals to provide information relating to the 
relationship between crosstalk and frequency. so 
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twisted pair of a standard LAN cable, and another 
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signal coupling. A measurement system digitizes cross- 
talk signals using sequential sampling of repetitive sig- 
nals to provide a waveform record that is a 
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Fourier transform of the waveform record to provide 
crosstalk versus frequency information, while the wave- 
form record is also examined for higher-than-acceptable 
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